Introduction {#S1}
============

In recent decades, the Internet has become an essential part of our daily lives. Despite various advantages, such as unlimited access to information exchange and social communication, some negative impacts of Internet use have also been identified ([@B39]; [@B48]). Excessive or problematic Internet use or Internet addiction (IA) is among the terms most commonly used when referring to maladaptive patterns of Internet use leading to clinically significant impairment or distress ([@B3]; [@B42]). IA is characterized by symptoms that include spending excessive time or longer than initially intended online, along with compulsive behaviors, unsuccessful attempts at cessation or control, lying about the extent of one's use of the Internet, use to cope or escape problems, and preoccupation with the Internet when one is offline ([@B6]). The estimated worldwide prevalence of adolescent IA ranges between 1.6% and 36.7% ([@B22]). This wide discrepancy in prevalence rates may be explained by methodological differences and by variations in Internet access across different countries ([@B18]; [@B47]).

IA has been linked to various psychiatric conditions, including depression and suicidal ideation ([@B9]; [@B10]; [@B19]; [@B20]; [@B21]; [@B26]; [@B32]; [@B35]), anxiety ([@B10]), social phobia ([@B21]), obsessive--compulsive symptoms, hostility, aggression, problematic alcohol use, substance use ([@B22]), self-injurious behavior ([@B23]), and, in particular, attention-deficit hyperactivity disorder (ADHD; [@B22]; [@B43]; [@B45]; [@B45]). According to Bozkurt, Coskun, Ayaydin, Adak, and Zoroglu ([@B5]), ADHD is the most prevalent (83.3%) axis-1 disorder among the adolescents referred for IA. In addition, in a two-year longitudinal study of Taiwanese adolescents, ADHD (along with hostility) was found to be the most significant predictor of IA ([@B21]).

It is well established that oppositional defiant disorder (ODD) and conduct disorder (CD) are the most prevalent comorbid psychiatric disorders among children and adolescents with ADHD ([@B32]). There is evidence that presence of comorbid ODD/CD is associated with increased risk of substance-use disorders in adolescents with ADHD ([@B25]; [@B30]). As in the case of substance-use disorders, observed rates of ODD and CD were greater in adolescents referred for IA than in the general population ([@B2]; [@B5]). To the best of our knowledge, however, no study has examined the effects of co-occurring disruptive behavior disorders on IA severity in adolescents with ADHD.

As mentioned above, a growing body of evidence indicates a strong link between ADHD and IA. However, as the majority of these studies have been conducted in Asia, there is a need for studies in other countries to investigate whether cultural differences influence Internet use among young people with ADHD ([@B40]) and whether co-occurring ODD/CD increases the risk of IA in adolescents with ADHD. The aims of this cross-sectional study were to evaluate the prevalence of IA in a clinical sample of adolescents with ADHD and to detect the moderating effects of co-occurring ODD/CD on the association between ADHD and IA.

Methods {#S2}
=======

Participants {#S2a}
------------

Participants were recruited from a clinical sample of adolescents aged 12--17 years who were consecutively referred to our outpatient clinic in Istanbul, Turkey between March 2013 and September 2014 and diagnosed with ADHD. Those who were drug-free for at least 6 months or who never used any medication for ADHD were invited to participate in the study after obtaining their legal guardians' approval. All those who were invited (138 adolescents, aged 12--17 years) agreed to participate. Of those, 19 were omitted because of incomplete data. Those receiving any ADHD medication or psychotherapeutic treatment for ADHD and those with comorbid substance use disorder or any psychotic disorder, bipolar disorder, mental retardation, or pervasive developmental disorder were not included in the study.

Diagnosis {#S2b}
---------

ADHD, ODD, and CD diagnoses were based on the fourth edition of the *Diagnostic and Statistical Manual of Mental Disorders* (DSM-IV; [@B1]) criteria and comprehensive information from a clinical examination, which included interviews with both youth and parent and review of psychiatric, psychometric, and educational records. All of the interviews were conducted by child and adolescent psychiatrists with at least 9 years experience of disruptive behavioral disorders.

Data collection tools {#S2c}
---------------------

The study data were collected using a sociodemographic information form, the Turgay DSM-IV-Based Child and Adolescent Disruptive Behavioral Disorders Screening and Rating Scale (T-DSM-IV-S), and the Internet Addiction Scale (IAS).

### Sociodemographic information form {#S2c1}

This form was prepared by the authors to collect data on the adolescent's gender, current age, and smoking status, and on the parents' age and educational level.

### T-DSM-IV-S {#S2c2}

This scale was developed by Turgay ([@B36]) and was adapted for Turkish use by Ercan, Amado, Somer, and Cikoglu ([@B12]). The T-DSM-IV-S is based on DSM-IV ([@B1]) diagnostic criteria; 9 items assess inattention, 9 assess hyperactivity/impulsivity (HA/IM), 8 assess opposition/defiance, and 15 assess conduct disorder. Symptoms are scored by assigning a severity estimate for each on a 4-point Likert-type scale (0 = *not at all*, 1 = *just a little*, 2 = *quite a bit*, and 3 = *very much*). The scale was completed by parents in this study.

### IAS {#S2c3}

The scale consists of 35 items, with four subfactors defined as "withdrawal," "controlling difficulty," "disorder in functionality," and "social isolation." The IAS was developed in Turkish by Günüç and Kayri ([@B16]); a pool of items was developed to determine factors responsible for addiction, and a trial scale was developed from this pool based on expert opinion during the development phase. The validity of the scale was tested by a pilot trial. A validity and reliability study was subsequently conducted with 754 high-school students from seven provinces, and the scale's validity and reliability was found to be high (Cronbach's α coefficient of internal consistency = .94). Attitudes were assessed on a 5-point Likert scale (5 = *fully agree*, 4 = *agree*, 3 = *neutral*, 2 = *do not agree*, and 1 = *definitely do not agree*). Minimum and maximum possible scores are 35 and 175, respectively.

In a study conducted in Turkey, Üneri and Tanıdır ([@B39]) used the IAS to assess the prevalence of IA among the high-school students. Based on the results, they divided their sample into four groups. Subjects who scored over 81 were assigned to the *addictive* group; those who scored between 67 and 81 were assigned to the *addiction risk* group; those who scored between 53 and 66 *were* assigned to the *threshold* group; and those who scored less than 53 were assigned to the *non-addictive* group. In this study, as our sample consisted of adolescents from a similar age group, the cut-off point determined by Üneri and Tanıdır ([@B39]) was used to identify IA.

Statistical analysis {#S2e}
--------------------

Data were analyzed using the Statistical Package for the Social Sciences, version 16.0 (SPSS Inc., Chicago, IL). The sample was described in terms of frequencies and percentages for discrete variables and means and standard errors for continuous variables. Student's *t*-test was used to compare mean values between groups, and χ^2^ and Fisher's exact test were used to compare rates between groups. Pearson's method was used for correlation analyses. One-way analysis of variance was used to compare IAS scores between ADHD subgroups. A *p* value of \<.05 was considered to be statistically significant.

Ethics {#S2d}
------

The study was approved by the Medical Ethics Committee of the Bakirkoy Research and Training Hospital for Psychiatric and Neurological Disorders. Both adolescents and parents signed informed consent forms prior to participation in the study.

Results {#S3}
=======

The mean IAS score was 89.8 ± 26.7 (range: 35--159), and 63.9% of the participants were found to have IA (Figure [1](#fig1){ref-type="fig"} shows distributions of IAS scores in each ADHD subtype group.). Table [1](#T1){ref-type="table"} summarizes the participants' demographic features, ADHD subtypes, T-DSM-IV-S scores, frequency of IA, presence of comorbid ODD and/or CD, severity of IA symptoms, Internet usage habits, and smoking status.

![Distribution of Internet Addiction Scale (IAS) scores](jba-07-02-46_f001){#fig1}

###### 

Demographic features, T-DSM-IV-S scores, IAS scores, Internet-using habits and smoking status of the participants

                                *N* (%)     Mean ± *SD*
  ----------------------------- ----------- ---------------
  Age                           119         14.8 ± 1.3
  Sex                                       
   Female                       30 (25.2)   
   Male                         89 (74.8)   
  ADHD subtypes                             
   Predominantly inattention    48 (40.3)   
   Predominantly hyperactive    18 (15.1)   
   Combined                     53 (44.5)   
  Comorbid ODD/CD                           
   Yes                          41 (34.5)   
   No                           78 (65.5)   
  Comorbid ODD                              
   Yes                          76 (63.9)   
   No                           43 (36.1)   
  Comorbid CD                               
   Yes                          27 (22.7)   
   No                           92 (77.3)   
  T-DSM-IV-S                                
   Inattention                              16.97 ± 5.27
   Hyperactivity/impulsivity                13.47 ± 6.33
   ODD                                      12.93 ± 5.91
   CD                                       5.42 ± 5.49
   Total                                    48.89 ± 17.26
  IAS                                       89.8 ± 26.7
  Internet addiction                        
   Yes                          76 (63.9)   
   No                           43 (36)     
  Personal computer                         
   Yes                          76 (63.9)   
   No                           43 (36.1)   
  Internet connection at home               
   Yes                          99 (83.2)   
   No                           20 (16.8)   
  Time spent on Internet                    
   0--4                         71 (59.7)   
   4--8                         31 (26.1)   
   ≥8                           17 (14.3)   
  Smoking status                            
   Smoker                       23 (19.3)   
   Non-smoker                   95 (79.8)   

*Note. SD*: standard deviation; ADHD: attention-deficit hyperactivity disorder; ODD: oppositional defiant disorder; CD: conduct disorder; T-DSM-IV-S: Turgay DSM-IV-Based Child and Adolescent Disruptive Behavioral Disorders Screening and Rating Scale; IAS: Internet Addiction Scale.

No statistically significant difference was found between the IAS scores of females and males (*p* = .391). There was no statistically significant correlation between having a personal computer and having a home Internet connection, smoking status, ADHD subtypes, and IAS scores (*p* = .463, .411, .422, and .837, respectively). There was a statistically significant correlation between time spent online and presence of comorbid ODD and/or CD with IAS scores (*p* = .001 and .001, respectively) (Table [2](#T2){ref-type="table"}). There was a statistically significant correlation between ODD/CD comorbidity and presence of IA. The odds ratios of IA in ADHD + ODD or ADHD + CD groups were 3.22 and 4.23 (95% confidence interval), respectively (Table [3](#T3){ref-type="table"}).

###### 

The associations between demographic features, Internet-using habits, smoking status, and ADHD subtypes and presence of comorbid ODD/CD and IAS scores

                                IAS scores     *p*        Effect size
  ----------------------------- -------------- ---------- -------------
  Sex                                                     
   Female                       93.4 ± 25.2    .391       0.18
   Male                         88.6 ± 27.2               
  Personal computer                                       
   Yes                          91.2 ± 27.8    .463       0.14
   No                           87.4 ± 24.9               
  Internet connection at home                             
   Yes                          88.9 ± 26.9    .411       0.20
   No                           94.3 ± 26                 
  Time spent on Internet                                  
   0--4                         80 ± 23.6                 
   4--8                         98.5 ± 22.8    **.001**   0.23
   ≥8                           114.5 ± 25.3              
  Smoking                                                 
   Yes                          93.6 ± 23.8    .422       0.19
   No                           88.6 ± 27.4               
  ADHD subtypes                                           
   Predominantly inattention    88.1 ± 25                 0.01
   Predominantly hyperactive    89.9 ± 23.9    .837       
   Combined                     91.3 ± 29.4               
  Comorbid ODD/CD                                         
   Yes                          95.6 ± 27      **.001**   0.68
   No                           78.7 ± 22.4               
  Comorbid ODD                                            
   Yes                          95.6 ± 27.3    **.001**   0.65
   No                           79.4 ± 22.2               
  Comorbid CD                                             
   Yes                          106 ± 29.8     **.001**   0.87
   No                           85 ± 23.8                 

*Note.* Bold values represents *p* \< .05. ADHD: attention-deficit hyperactivity disorder; ODD: oppositional defiant disorder; CD: conduct disorder; IAS: Internet Addiction Scale.

###### 

The associations between ODD/CD comorbidity and presence of Internet addiction

               Internet addiction          
  ------------ -------------------- ------ -------------
  ADHD + ODD   .005                 3.22   1.46--7.07
  ADHD + CD    .010                 4.23   1.35--13.22

*Note.* ADHD: attention-deficit hyperactivity disorder; ODD: oppositional defiant disorder; CD: conduct disorder; OR:odds ratio; 95% CI: 95% confidence interval.

There was no significant correlation between age, T-DSM-IV-S inattention scores, and IAS scores (*r* = −.90, *p* = .33 and *r* = .146, *p* = .112, respectively). There were statistically significant correlations between T-DSM-IV-S HA/IM, T-DSM-IV-S opposition defiance, T-DSM-IV-S conduct disorder, and T-DSM-IV-S total scores and IAS scores (*r* = .185, *p* = .043; *r* = .331, *p* = .001; *r* = .387, *p* = .001; and *r* = .349, *p* = .001, respectively) (Table [4](#T4){ref-type="table"}).

###### 

The association between IAS scores, age, and T-DSM-IV-S scores

                IAS scores   
  ------------- ------------ ----------
  Age           −.90         .33
  T-DSM-IV-S                 
  Inattention   .146         .112
  HA/IM         .185         **.043**
  ODD           .331         **.001**
  CD            .387         **.001**
  Total         .349         **.001**

*Note.* Bold values represents *p* \< .05. IAS: Internet Addiction Scale; T-DSM-IV-S: Turgay DSM-IV-Based Child and Adolescent Disruptive Behavioral Disorders Screening and Rating Scale; HA/IM: hyperactivity/impulsivity; ODD: oppositional defiant disorder; CD: conduct disorder.

Discussion {#S4}
==========

In this study, 63.9% of those adolescents with ADHD (*n* = 76) were found to have IA, which is higher than the previously reported prevalence rates of IA among Turkish high-school students (10.1%--24.2%) ([@B16]; [@B39]; [@B45]). Our results align with previous findings indicating an increased risk of IA in adolescents with ADHD. However, we found prevalence rates substantially higher than those reported in two earlier studies (15.7% and 32.7%) ([@B43]; [@B45]) of children and adolescents with ADHD. Unlike previous research, this study recruited all participants from adolescents who were not receiving any type of treatment for ADHD. It was suggested in one previous report ([@B17]) that an 8-week course of methylphenidate treatment could reduce the severity of Internet video gameplay among children with ADHD. In the previous samples, medical and/or psychotherapeutic treatment may have resulted in reduction of IA symptoms and frequency. In addition, our outpatient clinic mainly serves patients from lower socioeconomic backgrounds, and it has been suggested that poorer social support is linked with greater risk of IA. For that reason, participants' socioeconomic status may account for the increase in IA in our sample ([@B34]). As the above studies were performed in Asian countries, cultural differences may also have contributed to the discrepancy in prevalence rates.

ADHD and IA may be linked through various biological and/or psychological mechanisms. In particular, several cognitive and behavioral problems observed in individuals with ADHD have been shown to be associated with impairments in the reward processing system. Children with ADHD appear to have a strong preference for immediate rather than delayed reward, even when the delayed reward is larger. This can be explained by an aversion to waiting and a decreased sensitivity to cues that predict reward ([@B29]; [@B38]). Yoo et al. ([@B46]) suggested that individuals who are less satisfied with natural rewards tend to resort to substance abuse as a way of seeking enhanced stimulation of the reward pathway; in the same way, IA may serve as another "unnatural" (immediate) reward. There is also emerging evidence that Internet-use disorder is associated with structural or functional impairment of the orbitofrontal cortex, dorsolateral prefrontal cortex, anterior cingulate cortex, and posterior cingulate cortex -- regions that are known to be associated with the processing of reward, motivation, memory, and cognitive controls ([@B31]; [@B49]). In the daily lives of children with ADHD, IA may also serve as a compensatory activity for poor social skills, interpersonal difficulties, low self-esteem, and lack of pleasure ([@B43]; [@B45]).

In this study, symptoms of HA/IM (but not of inattention) were found to be correlated with degree of IA. As impulsivity and loss of control over Internet use are among the most prominent psychological features of individuals with IA ([@B46]), it is unsurprising that HA/IM domains are associated with IA. In earlier studies, Cao, Su, Liu, and Gao ([@B8]), Cao and Su ([@B7]), and Wu et al. ([@B41]) have reported an association between hyperactivity and impulsivity and IA among Chinese adolescents. However, the literature reports inconsistent results regarding the effects of ADHD symptom domains on degree of IA; some studies report a stronger relation to inattention, whereas others emphasize HA/IM ([@B5]; [@B11]; [@B43]; [@B45]; [@B45]). Similar inconsistencies arose in studies of the association between substance-use disorders and ADHD ([@B30]; [@B25]). In a meta-analytic review of prospective association of ADHD and substance-use disorders, Lee et al. ([@B26]) hypothesized that inattention and hyperactivity may be differentially related to substance-use disorders, and the same hypothesis seems applicable to IA.

The studies have shown that 54%--84% of children and adolescents with ADHD have co-morbid ODD, and a sizeable proportion of these patients were expected to develop CD ([@B32]). Consistent with the existing data, 65.5% of the cases in our sample had comorbid ODD/CD with ADHD. As in the case of substance-use disorders ([@B25]), our findings indicate that comorbid ODD or CD increases the risk of IA in adolescents with ADHD. Dysfunctions of the prefrontal cortex are also thought to play an important role in the pathogenesis of ODD/CD ([@B12]). Children and adolescents with conduct disorder exhibit a tendency toward risk taking and reckless behavior, indicating difficulties with decision-making and impulsivity. They are also more vulnerable to substance abuse, potentially reflecting an altered sensitivity of reward mechanisms and persistent selection of options with short-term benefits, despite negative long-term consequences ([@B13]). It has also been argued that ADHD + ODD substantially differs from ADHD-only in terms of neurocognitive functioning ([@B29]), and ODD/CD comorbidity is hypothesized to account for most of the associations between delay aversion and ADHD ([@B4]). Moreover, aggression (one of the key symptoms in ODD/CD) and IA have been shown to be closely related, and IA is often accompanied by aggression. There is evidence that IA and aggression share a number of common neural substrates and neuromodulators; key neural substrates of aggression, such as the prefrontal cortex and the limbic system, are located in brain regions that also relate to IA ([@B16]). Altogether with the aforementioned alterations in the brain's reward system in IA, it seems possible that ODD/CD comorbidity may increase the risk of IA among adolescents with ADHD. In addition, poor family functioning, problems in school bonding, low academic achievement, and deviant peer relationships are among the main risk factors for substance use in adolescents with ADHD + ODD/CD ([@B28]), and the same risk factors may also be linked to behavioral addictions in these individuals.

The prevalence of smoking in patients with ADHD ranges from 15% to 19% ([@B32]), and in line with these findings, 19.3% of our participants reported that they smoked cigarettes. Previous studies have shown that cigarette smoking increases the risk of substance use among both typically developing children and those with ADHD ([@B14]). For that reason, Groenman et al. ([@B14]) suggested that nicotine use could be considered a *gateway to other drugs.* Similarly, in a longitudinal study, Chang et al. ([@B9]) suggested that smoking was a predictor of IA in adolescents. However, in their study of high-school students, Üneri and Tanıdır ([@B39]) found no significant association between IA and smoking behavior, and in this study, we found no significant correlation between smoking status and IA in adolescents with ADHD.

Several limitations of this study must be acknowledged. First, as the cross-sectional design prevents us from clearly defining the direction of the casual relationship between ADHD, ODD/CD, and IA, prospective longitudinal studies are needed to clarify the temporal relationship. Second, any generalization of the results is limited by the lack of a control group comprising non-clinically referred adolescents or adolescents referred for other mental health problems. Third, IA was diagnosed on the basis of a self-report questionnaire, which may compromise the validity of diagnosis. However, as it seems more plausible that adolescents would minimize their problems with Internet use, the higher observed rate of IA in our sample seems to exclude this issue. Finally, our results were not controlled for other predictive variables such as comorbid depression and/or anxiety disorder or familial risk factors that may also have affected the prevalence and severity of IA in adolescents with ADHD.

Conclusions {#S5}
===========

IA can result in serious dysfunction in an individual's academic and work performance, as well as in their family life, social relationships, physical health, and psychological well-being ([@B33]). IA may also worsen outcomes in the adolescents with ADHD who already have marked impairments in terms of scholastic adjustment and peer and familial relations ([@B2]). In line with existing evidence ([@B40]), the present findings confirm the significance of early detection and intervention of IA in the adolescents with ADHD. These findings also suggest that adolescents with ADHD + ODD/CD may be more vulnerable to IA than those with ADHD only and may need to be more carefully assessed in this regard. Further prospective studies are needed to more fully understand the associations between IA, ADHD, and ODD/CD. Finally, pre- and posttreatment studies evaluating IA symptoms in adolescents with ADHD only or with ADHD+ODD/CD may help to determine whether ADHD treatment reduces the risk of IA in both groups.
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